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LI. On the Elongation produced in Soft Iron by Magnetism. 
By SIDNEY J. LocEN~% Fellow~. Clark University, Wor- 
cester~ Mass.* 
AD it not been for recent ex erlments by M Alfonse 
H Berget , which apparently cPontradicted those of Mr. 
She]ford Bidwell $, I should have deemed it a waste of energy 
to have attempted to contribute anything further to our 
knowledge of the subject. 
1Yfy original purpose was to confirm the experiments of 
either one or the other, not expecting in any way to reconcile 
the two. But I am led to believe that I have in general 
verified the experimental results of both. 
.The instrument which I employed for this investigation is
in its essential features a Michelson interferential refractometer. 
It consists (fig. 1) of two mirrors, m and m I, the latter being 
Fig. 1. 
$ 
\\ 
T 
fastened to the free end of the bar B; and of two parallel 
plates of optical glass, P and P', the plate P' being lightly 
silvered on the side away from the light L. 
The solenoid S contains 2100 turns of number 17 copper 
wire, wound in 7 layers on a glass cylinder 70 cm lon_~ and 
• c 
!"9 cm. in external diameter. The fixed end of the bar was 
screwed firmly to the brass tail-piece D, which in turn was 
both screwed and wedged in position. Tlm free end of the 
bar carried the brass slide E~ which carried the mirror m'. 
This slide, shown in cross section in fig. 2, rested very 
lightly on the bearings F and F'. Every Fig. 2. 
precaution was taken to make this bearing 
as free from friction as possible. The 
object of the bearing was to prevent any 
side-motion of the mirror and at he same 
time deaden the vibrations which would 
* Communicated by the Author. 
t Comptes t~endus, Nov.7,1892. 
~ r 
F 
$ Prec. Roy. Soc. vol. xl. 
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Elongation produced in Soft Iron by Magnetism. 491I 
otherwise result from so long a bar, and destroy the definition 
of the fringes. 
A telescope T was used to observe the displacement of the 
fr!nges due to the forward or the backward motion of the 
mwror mq A motion of' one wave-length produces a dis- 
placement of two fringes ; so by observing in the telescope the 
number of fringes-displacement relative to the cross wires, it 
is an easy matter, knowing the wave-length of sodium light, 
to compute the actual expansion or contraction of the bar. 
I had also at my disposal a single-thread magnetometer, 
the magnet being suspended by an exceedingly fine quartz 
fibre. 
There were six different bars used in these exper'~ments. 
We will hereafter refer to them by number. 
No. I. was 70 cm. long, 0"952 cm. in diameter. 
No. II. was 70 cm. long, 1"032 cm. in external and 0"714 cm. 
in internal diameter. 
No. I I I .  was 70 cm. long, 0"635 cm. in diameter. 
No. IV. ,, 43"5 em. ,, 0"635 era. ,, 
No. V. ,, 19"5 era. ,, 0"635 era. ,, 
No. VI. ,, 70 cm. ,, 0"752 era. ,, 
With the exception of bar II., soft unannealed Norway iron 
was used. No. I[. was a piece of ordinary wrought-iron gas- 
tubing. Nos. IV. and V. were made from No. l l I .  by cutting 
off one end. No. VI. was made from No. I. by turning it 
down in diameter. 
In the ease of the short bars, brass rods were soldered to 
both ends. To make certain that brass was not at all affected 
by. magnetic influence, I tested a brass rod and found no 
effect whatever. 
With this instrument I found it an easy matter to measure 
1 
to a tenth of a fringe, which means about ~ of an inch. 
In making, these observations the only difficulty which I 
tbund at all troublesome were eel~ain effects due to hysteresis. 
The expansion due to the heating of the coil being slow in 
its action while the magnetic expansion was rapid, the two 
could be easily distinguished from each other. The object of 
usin~ the glass tubing for my. solenoid being to retard as 
much as possible the heat action, the heaviest currents used 
could remain on at least 5 seconds without showing any effect, 
then the bar would slowly begin to expand. 
Mr. Shelford Bidwell, in mentioning the difficulties which 
he encountered, states that he found it absolutely necessary to
centre the bar in the coil. I-Ie finally adopted the method of 
suspending the coil on one end of his bar, so that it moved 
with the bar. In this way the effect was entirely obviated. 
2L2  
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500 Mr. S. J. Lochner on the Elongation 
I made some experiments with my instrument o ascertain 
whether any uncertainties entered into my observations from 
this cause. I found that when the centre of the bar fell even two 
or three centimetres from the centre of the coil, the measure- 
ments were the same as when it was centred as nearly as 
possible. When, however, the bar was thrown completely off 
from the centre, as much, for instance, as 10 or 15 centimetres, 
I found a slight but measurable effect amounting to about 0"2 
of a fringe, or "000002 of an inch. 
Early in the experiment I found that for a given magnetic 
field I could produce different amounts of expansion depending 
upon the manner in which the current had been applied--for 
instance, whether the full amount of the current had been 
turned on suddenly or, on the other hand, had been applied 
gradually, then again whether the current had been gradually 
increased from zero or had been decreased from a higher 
point. 
Let me here mention that it was observed that the second 
and following contacts did not give the same expansion as the 
first contact ; this has already been well shown by Prof. A. 
~I. ~Iayer's observations. 
In the following table the values dealing with the second 
and following contacts how some of these peculiarities quite 
conclusively. Column I. gives the amount of expansion in 
fringes, column II. the corresponding current when it was 
suddenly turned on 'at its full strength, column III. when 
gradually increased, and column IV. when gradually de- 
creased from the current which produced the maximum ex- 
pansion. 
Bar ~o. I. was here used All currents were measured with 
a direct-reading ammeter. 
I. II. III. IV. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10"3 
11"0 
0 "22 
0"27 
0"33 
0"37 
0"46 
0"49 
0"56 
0"66 
084 
1"17 
1 "84 
0"22 
0"27 
0"30 
0"33 
0"38 
0-44 
0'51 
0"57 
0"75 
1'02 
1'72 
0"18 
0"22 
0'25 
0"30 
0'40 
0 55 
0"67 
1'00 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 C
ali
fo
rn
ia,
 Sa
n D
ieg
o]
 at
 12
:30
 29
 Ju
ne
 20
16
 
produced in Soft JTron by Magnetism. 501 
Here must be noted a peculiarity which was observed in 
every bar that I experimented with. 
If the cm'rent be gradually increased from zero up~ at a 
certain point we reach a maximum amount of expansion: now 
a further increase in current will produce a decrease from 
that maximum; but if, on the other hand, we gradually 
decrease the current, we are able to obtain a still greater 
expansion. 
This increase in the case of soft iron is from "05 to "20 of 
the total amount of expansion otherwise obtained. 
Mr. Bidwell has noted a peculiarity in the behaviour of a 
steel bar which will come under this head. At lower points 
in the expansion this peculiarity does not seem to exist. I 
have plotted (fig. 3) from the above table columns I., 
Fig. 3. 
IO 
B 
)f 
III., and IV., which give a graphical illustration of this 
phenomenon. 
I have adopted, as the method which gives the most uniform 
and certain results, that of quickly but gradually [ncreasing 
my currents (not using the first contact), counting my fringes 
from the zero point tbr my lighter currents and from the 
turning, or maximum, point for my heavier currents. For 
attaining this end I constructed a resistance out of fine 
platinmn wire placed in water to prevent fusing, with a 
sliding metallic ontact. By using this resistance directly, and 
as a shunt for the smaller currents, I have been able to have 
the current perfectly under control. 
The following tables give the detail results for the different 
bars. Column I. gives the total amount of expansion in 
fringes. Column II. gives the corresponding currents. 
Column III. gives the intensity of the field computed by the 
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502 Mr. S. J. l,oehner on the Elongation 
ordinary formula 47rnI. Column IV. the magnetic moments 
computed. M ( 1/4~) tan ~. by the formula H = ~\ d~-dl~+ 
I have adopted for my value of ]=I~ "1645, the mean of 
numerous observations made by Mr. B. F. Ellis, of this Uni- 
versity, who is at present engaged upon work which involves 
a frequent determination f that quantity. 
TABLE I .  
I. II. III. IV. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10"3 
9"3 
83 
7"3 
6"3 
5'3 
4-3 
3"3 
2.3 
0"22 
0"27 
0"30 
0'33 
O'38 
0"44 
0"51 
0"57 
0"75 
l02 
1 "72 
2 46 
3 "42 
4'40 
5'35 
6 '20 
7.17 
8"15 
9"09 
8"3 
]02 
l 1 '3 
]2"4 
14"3 
166 
19"2 
21 "5 
28"3 
38'5 
64"8 
92"7 
128'9 
165"9 
201 "7 
233 "7 
270"3 
307 "3 
342"7 
1889O 
28559 
296b0 
31811 
33782 
3720O 
38700 
41700 
43800 
46700 
51500 
54296 
56839 
59700 
61371 
62188 
64671 
65718 
4 
5 
5"6 
4"6 
3"6 
26 
1"6 
0"6 
--0"4 
- -  1"4 
--2"4 
--3"4 
TABLE II. 
I. II. III. i IV. 
6"18 
0"27 
0"37 
0'50 
0'68 
1 "23 
2"38 
3"14 
3'94 
4"69 
5'55 
6"35 
7"18 
8"23 
9"29 
6'8 
10"2 
139 
18'8 
25"6 
46'4 
89"7 
118"4 
148'5 
176 "8 
209"2 
239"4 
270'7 
310'3 
350'2 
15011 
]7805 
18516 
19936 
21251 
24375 
26258 
27536 
28297 
29O87 
29615 
30077 
30595 
31169 
31591 
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produced in Soft Iron by Magnetism. 
TABLE I I I  . . . .  
I .  IV. 
1 
2 
3 
4 
5 
6 
7 
7"4 
6"4 
5"4 
4"4 
3"4 
2"4 
I. III. 
0"18 6'8 
0"24 9"0 
0'30 11"3 
0"86 18'6 
0"47 17'7 
0"62 23'4 
O'90 33'9 
1 "49 56-2 
2'63 99'2 
3"34 125"9 
4"01 151'2 
4"60 173'4 
5"27 198'7 
11294 
13257 
1778O 
18422 
19034 
19685 
21102 
23528 
25315 
26453 
27OO7 
27350 
2777O 
TABLE IV .  
I. IV. 
1 
2 
3 
4 
5 
6 
6"2 
5'7 
4"7 
II. I IL 
0 "25 9 "4 
0"37 13"9 
0"49 18"5 
0"60 22 '6 
0"72 27"1 
1"23 46"4 
1'75 66'0 
3"35 126'3 
4"71 177'6 
9600 
10800 
11700 
12700 
14100 
14700 
16000 
17700 
20900 
T~ V. 
I. 
0"5 
1"0 
2"0 
2"5 
3"0- 
2"5 
lI. 
0"67 
0"96 
1 "32 
1 '89 
3'15 
5"97 
III. 
25"3 
36"2 
49'8 
71"3 
118'8 
225'1 
IV. 
2500 
3740 
4060 
4880 
5310 
10690 
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504 Mr. S. J. Lochner on the Elongation 
TABLE VI. 
I. II. III. IV. 
1 
2 
3 
4 
5 
6 
7 
7"2 
6.2 
5"2 
4"2 
3.2 
2.2 
1.2 
Backward 
maximum. 
7"8 i 
0-18 
0.26 
0.33 
0.42 
0.53 
0.67 
1.05 
1.65 
2.68 
3.43 
4'05 
4'70 
5.60 
6.33 
0.92 
6.8 
9.8 
12.4 
15.8 
20~) 
25.3 
39-6 
62.2 
101.0 
129.3 
152.7 
177"2 
211.1 
238.6 
34.7 
17750 
1942o 
2o890 
22160 
25390 
27220 
29610 
31960 
34250 
34880 
36300 
36580 
37240 
3796o 
28800 
In order to determine the effect of the thickness of his bar 
upon the amount of expansion, Mr. Bidwell selects for the 
purpose three rods of 100 millim, length and 2"65, 3"65, and 
6"25 millim, in diameter, l ie assumes that the iron in the 
three bars may be regarded as similar, and that the differences 
in the expansion are due only to their diameters, l ie finds 
that the expansion "varies inversely as the square root of the 
diameter" (the length remaining the same). I regret o say 
that my results do not in any way confirm his conclusions. 
Instead of finding that larger bars give less expansion than 
smaller bars, I find just the oppbsite. 
At first I thought that the best way to make this test 
would be to take my largest bar and turn it down to suc- 
cessively smaller diameters. In fact, I did this with bar I. 
The resultant bar, which I have called No. VI., showed a 
falling off of the expansion from 10"3 fringes to 7"2 fringes. 
I found it a very difficult matter to turn so long a bar per- 
fectly true in the lathe which I had at my disposal; and at 
the same time I was not certain about the effect of the strains 
due to the turning. Further, there was no certainty that the 
inside of my bar would behave in the same manner as the 
outside. 
Taking into consideration these factors, I determined that 
the most feasible method of avoiding the difficulties would be 
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produced in Soft Iron by Magnetism. 505 
to vary the ratio between the diameter and the length~ not by 
diminishing the diameter but by changing the length. This 
I did, as has already been mentioned~ by taking bar I lL  and~ 
after testing its expansion, cutting off a portion of it. The 
resulg is shown in Tables IlI., IV.~ and ¥. Lest~ perchance, 
bar I I I .  of less diameter be compared with bar VI., which 
although larger gives less expansion~ I took the precaution to 
turn bar ¥I .  down again until it was about the same size 
as No. III. As a result, the expansion was then less 
than 5 fl~inges~ while bar II1. gave 7"4 fringes~ and this 
although the iron in the two bars was very nearly alike in 
magnetism. 
The following table will show clearly that the expansion 
varies directly as some function of the ratio between the 
diameter and length, possibly the square root. Joule's bars 
were rectangular, and I have computed a mean diameter. His 
tests were confined to four bars, and I have taken the mean 
value of the temporary elongations in the four bars. 
I have dealt entirely with the temporary elongations, or the 
elongation produced by the second or following contacts, 
because both Mr. Bidwell's observations and my own deal 
with these maxima. 
ProL A. M. Mayer tested six different bars~ and in this case 
I have taken the mean value on the second contact. 
Shelford Bidwell tested three bars of different diameters. 
I have used the mean of the two observations which he 
himself quotes in a comparison between his results and those 
formerly obtained. I have taken the mean of the diameters, 
and likewise the mean expansion. 
~Ir. Barrett's observation in ~Tature' (1882) I do not 
giv% as he has furnished so few details of his experiment that 
one can form no judgment in regard to value. 
Although I have quoted M. Alfonse Berget's ingle experi- 
ment~ because the ratio in this case was exceedingly large~ 
yet, as the length of his bar was so short, and as he tells us 
nothing as to whether he has given us the elongation from 
the first or second contact, one must feel compelled to give it 
little weight except for showing the main point in the 
discussion. 
It must also be borne in mind that the iron used by different 
observers could of itself produce variations of as much as 25 per 
cent.~ due to a difference of permeability. 
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506 Elongation produced in Soft Yron by Magnetism. 
Diameter, Length, Ratio of 
in millim, in millim. D to L. 
12'7 
9'5 
7'9 
3"15 
19"5 
6"35 
6"35 
6'35 
1526"5 '0083 
914'4 "0104 
700"0 "0113 
100"0 "0315 
52"0 "3750 
7GO'O '0090 
435"0 '0146 
195'0 "0326 
:Elongation in 
fraction 
of length. 
"0000019 
"0000028 
"0000038 
"0000042 
"0000108-{- 
"00OO03I 
"0000042 
"0000045 
Observer. 
Mayer. 
Joule. 
Lochner. 
:Bidwell. 
]3erget. 
Lochner. 
Lochner. 
Loehner. 
Magnetic 
field. 
60 
59 
540+ 
56 
66 
119 
Bars I., II., III., and ¥I .  were all of the samelength ; their 
respective weights were 350, 192, 160~ and 217 grams. 
The following table seems to indicate that the expansion 
varies with the magnetic moment per unit volume or mass as 
well as with the form of the bar. 
:Bar. 
I . . . :  
[ I  . . . .  
I I I  . . . .  
VI . . . .  
Moment 
per grm. 
Field 2C0. 
175"3 
153"1 
173"6 
170"6 
tlatio 
D:L. 
.0136 
"0101 
'0091 
"0107 
"117 
-100 
.095 
"107 
Fringes, 
Maximum 
:Expansion. 
. . . .  I 
10"3 
5"6 / 
7"4 
7"2 
It may be stated briefly that my observations furnish the 
following e~idence in regard to the expansion which takes 
ptace in sof~ iron bars :--  
1st. They confirm the general form ofMr. Shelford Bidwell's 
curves. 
2nd. They indicate that the xpansion is a function of the 
ratio between the diameter and length, and that the longation 
varies directly as possibly the square root of this ratio. 
3rd. They further indicate that the expansion varies directly 
as the permeability. 
4th. That the amount of current required to produce the 
maximmn expansion~ and also the point of no expansion~ 
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The Viscosity ofGases and Molecular Force. 507 
likewise depends upon the ratio between the diameter anti 
length. 
5th. That there are two maxima: one produced by increasing 
the current, another by decreasing the current fi'om tha~ point 
which produced the first maximum. 
6th. They confirm Prof. A. M. Mayer's observations, tha~ 
the first contact gives more expansion than the second and 
following contacts~ and~ further, even these seem to disagree 
slightly among themselves~ the expansion falling off with 
subsequent contacts. 
Fig. 4. 
l 
* & $ ~ t" G " ~  ! 
In fig. 4: I have plotted the expansion-curves of three of the 
bars which show tile greatest differences. 
hit. Bidwell's curves are similar in form to those produced 
by bars I. and II., while M. Alfonse Bergct's cm've, as would 
be cxpccted~ agrees more closely in form with that of bar V. 
The experiments were carried on in the physical laboratory 
of Clark University~ under the direction of Prof. A. G. 
Webster, to whom acknowledgmen~ should be made for 
frequent suggestions. 
LII. T],e Viscosity of Gases and 2]Iolecular Force. 
By WILLIAM 8UTItERLAND "~. 
I T is now well known that a full acceptance of the kinetic theory of gases was suddenly accelerated by the experi- 
mental verification of Maxwell's theoretical discovery of the 
paradoxical independence of the coefficient of viscosity of a
gas on pressure. Contrary to the general sentiment of phy- 
sicists~ the premisses of the kinetic theory were found to lead 
to the conclusion that a vibrating pendulum would be just as 
much hindered by gaseous friction in an environment under 
one twentieth of an atmo pressure as under twenty atmos~ and 
experiment soon afterwards showed the coe~cien~ of viscosity 
* Communicated by the Author. 
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